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NATIONAL ADVISORY CCMMITTEE FOR AERQNAUTICS.

TECENICAL MEMCRANDUM NO. 3€8.

METAL SPARS.*
By J. D. Haddon.

It has been my experience that several firms starting metal
construction are spending unﬁecessary money by designing their
first spar section on the trial and error system. Also the man
in the drawing office is at a disadvaﬁtage, through lack of ek—
perience in this type of construction, in stressing, designing
rolls, etc. A lot of tiis could be obviated if the designer
had at his disposal certain information, which it is the object
of this article to supply. |

Fig. 1 shows three typical rolled steel spars.

~ Metal spars are so varied in design that it is impossible
to discuss them all here. However, certain principles arec
common to all. We will therefore follow the design of one
throughout.

Assume a spar is required for a bay 30 in. long (1),

5000 1b. end load (P), 120 1b. per ft. run (w) and bending mo-
ments at cnds 1500 f£t.-1b. (MA) and 1400 ft.-lb. (KB). |

The first stop is to choose thc form our spar is to take.
In this conncction the following points must be taken into ac-
counts

Edges of metal must not be . at pcints of high stress, i.e.,

* From "Flight," February 35, 1926.
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top or sides as Fig. 2 (a and b). (b) would be 0.X. if the

_end had a small radius as Fig. 1 (a). Do not allow any flats

as in Fig. 2 (¢} X - X. Two large Tadii adjacent produce a
flat where they meet; always at highly stressed parts put a
small radius next to a large, as Fig. 1 (a) flange. This is
not so necessary in the wcb where the stress is small.

Maximum radius must not exceed 30t. it is no good taking
the figure for tubes. It is obvious that an inch diametcr
tube will stand a greater r/t ratio than a tubuiar section
say 12 in. diameter made up of several L-inch radii.

Medium radius for DTD 18/50 steel is 3t and DTD 16/52
is 1%,

Neglect of any of the above will lcad to local failure be-
fore the spar develops its stress.

Remember that fittings and ribs will have to be attached
after the spar is madc up.

I have seen épars designed with the onc thought that they
must stand up to the stress and then handed to the draughtsman
to incorporate in a wing, with the result that most elaborate
and heavy fittings have to be made and in one case rib posts

had to be attached before the spar was made up. It generally

‘pays to make the webs of a lighter gauge than the flanges.

Heat treated strip in long length coils cannot at present
be had in a greater width than €} in. for 0.015 in. to 0.032 in.
thick, and 4} in. for 0.010 in. to 0.015 in. thick. For fittings




A

N.4.C.4. Tochnicnl Memorandum No. 368

and sife nlates the steel X.E. 169 is supplied in the annealed
state up to 7 in. in widtﬁ.
We will make our spar of the type shown in Fig. 1 (a).
Let its dimensions be as shown in Fig. 3 (a) and (b), dimens;ons
in (b) being obtained by scaling a drawing ten times.full sige.
Our next procedure is to find the area and moment of iner-
tia. Area = length X thickness. |

Length of flange =

o (B0 X% _0.15) + (1sgwxgon4) + (100 X 0.1) o.1§)= 2.064 in.

Area of flanges = 3.064 X 0.022 X 2 = 0.1348 sg. in.
Length of web =

2\1(270 X 0.1) + (70 x 0.28) + (70 X 0.5) _ 0.39>= 3.41 in

57.3

Area of webs = 3.41 x 0.018 X 3 = 0.123 sqg.1in.

Total area = 0.1348 + 0.123 = 0.2578 sq.in.

The moment of inertia is best found by use of calculus.

If we take any rectangle (Fig. 4 (a))} of length 1,
breadth b, and distance 4 from a line =xx

2
Ixx = 1b (d?'+.%z );

_if_ % is very sméll itﬂwill,be_suffioiently accurate to say
Ixx = 1bd°.

Now take the arc AB (Fig. 4 (b)) of radius b and thick-
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ness %, t being very small in relation to the distance
i Vfrom xx. The ineitia is required about xx. Gb is an infini-
.tesima'lly small portion of the arc and its distance from =xx
will be a + b cos® and its inertia about =xx, tla + b c:os@)2
bd 6, i_.e., distance squared X length X thickness.

The inertia of the whole arc - AB will therefore be:.
a . 2'
ot fB {(a + b cosd) bds
a
= tb fB (e + 2ab cos® + ¥ cos?B8)ds

2 2 . N
=tb/a (az +:‘2?——+2ab cose+g—cos 29,\_,(16.
-B !

. L2 i T o.2
= tb ,[ia? + 2N 6+ 2ab sin B + B
L.

3 ) ) smaeJ

Using this method for our spar we have:

1 flenge - 7%°(1.518 - 0.15 cosef 0.15 a6
(s} .

+ 7% (1.167 + 0.4 cosB)® 0.4 46

-:100

+ f°° (1.08 - 0.1 cosb)® 0.1 6 + 0.18 X 0.987°

l‘m . ) . . -

= 01 cng? o 0.15°N\ 50 _ _
= 0.15 [(1.518 #2151 50 2 x 1.518 x 0,15

- 5- . .
X 0.786 + ————0;15 X 0.985].

04\ 150
+O4[1167 + 5 /573+2x1167xo4

. . 2 . g
% (0.766 + 0.985) + L4 (0.985 - 0.542)]
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0.2 _100 _ -
+ 0.1 {Kl.?éa + %13 300 - 2 x 1.08 X 0.1 x 0.985

0.1° - . 2
- 5 X 0.342 + 0.18 X 0.981

= 0.251 + 2.1755 + 0.1837 + 0.1735
= 2.7837
flange = 2.7827 X 4 X 0.22 = 0.245 in.*

I4¥gg = 0.1 X 1.057° x T+ 0.961° x 0.18

5]
+ /°%(0.858 + 0.1 cos®)® 0.1 46
[v]

0 85 8 906 s
+ fx®dx + S (0.858 - 0.2 cos@)f 0.3 46
p 658 20

+ /7°(0.5 cos6)® 0.5 46

(o]

- o 2 o.12> 90
= 0.35 + 0.168 + 0.1 [_0.858 v =7

3

0.858% _ 0.6583
3 3

+ 3 % 04858 X 0.1 X 1}-+[

| S

+ 0.2 [(0.658’3 + 9§3 E;QE - 2 X 0:650

2
X 0.2 (1 ~ 0.3423) ~ &&= x 0.642'

: 0.52 X 70 , 0.5° . ]
+ 0.5 [ P trg + 4T x 0.648

= 0.35 + O.l66_+_.134 + 0.116 + 0.075 + 0.097 = 0.33¢

"I web. = 0.938 X 4 X 0.018 = 0.068 in.%

Total I of spar = 0.245 + 0.068 = 0.313 in.*

o]
L%
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By Webb and Thorne!'s formula for maximum behding moment

we have:

' _ M2EI o mEXx BOxlc‘SHXO.Z.l.IB: N
Euler load Q = 72 20 % 50 105800

M{max) = é“%"ﬁ'{% (M4 + MB) [?~+ 0.26 gﬂ

+ 1.0 T wz } (MAwlgﬁn

_ 102800

97800 {0'5 (1200) (l + 0,38 % 2900

. 103300

120 X 2.5° 0.5 x (1100%
+ 1.02 ¥ 5 + 55 X 5,59

= 1918 ft.1b.

12 My , P . 13 X 1918 X 1.575 . 5000
fmax) = =557+ + 3 0.513 + 5.2578

= 115700 + 18400

I

135100 1b./sq.in.

Therefore, this spar will be O.X. in DTD 16/50 steel.
We will now get out the rolls or dies for making the sections
out of flat sheet. These must be made very aécurately, for if

the strip is gripped tighter in one place than another it will

. come out twisted.
The first rolls are got out by sight from experiénce; the
last but one. is generally made of similar dimensions to the

finished section angd” ubg last has, touhgﬁsgoh that the spring
*\ Gowm: Tg*ﬁg

back will give the correct, sectlonJ ‘and is arrived at in the

e Bt i Longley
following manner:. P
: Momarizt Acrorauticul

1

k..

By
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We now that =& = L.
R v

If we denote the finished section constants by E; Ry £,
and vy, and those of the section in the last die by Z, Ry £

and % weget =& .1t =-2 _ -2 put £, =0, as there is

no stress in the metal after spring vack and £, = yield stress,
as the material yields in the die to give it its new cﬁrvature.
This 1s not the yield stress from specification, but from test
of material used, and is about 70 tons per square inch in
DTD 16/50.

E, =E and ywn = v .

S AN B

. 1
We can therefore write E (E; R,/ vy

We will work out the last aile for the flange. Let us de-

note the arc of .15" radius by a,'" .4 by 'p,! and .1 by 'ct

1. 70 11 1.1
then £- = 138550 x 0,011 © 0.15 ~ 2.1%7 T O.15 ~ 0.139%
2.1 .1 __1
T 3 0.2 = 0.3385

- 137

1.1 _, 1 __1
Re 2.137 0.1 0.0957

This gives our radii for the last die as .1395", .3365!
and .0957" respectively. Now the length of arc of each separate

curve nust remain the same for all the rolls and dies.
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Therefore the new angles will be

(a) Q:15 X 50 o gz 70

(c) S X100 - 104,50
Fig. 5 shows the rolls and dies. The first +two may be
rolls but the last +two must be dics; the distance x being less
than v the rolls could ncet rmun in each other. No. 3 could be
madce suitable for rolls by cutting awey thc small portion that

fouls. This becing so small would not harm the strip.

The axes of the malc and feomale rolls should be equi-
distant from thc center of the strip x - x; this minimizes the
amount of slip causcd by the difference in linear velocity of
the rolls, which increased with their diffecrence of diamecter
at any point.

The rolls for the webs may be found in the same way; it
will be better to have five instead of four for this section.

Some firmes have fitted a furnace to their drawbonch and

'thcy draw the metal hot.

I have no cxpericnce of results, but would imagine that

‘the dies would be difficult to design, the yield point being

an unknowa quantity. Against this method is the very much
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greater time taken. With good tools and a little experience,

gobd fééﬁits.shouid be had from diawing cold. Twist is often

due to badly made dies or drawing through two at once that are
not in line. '

It is better to have the rolls sliding on a splined shaft;
if they aie fixed it is very difficult to get threc or four
dead in line. Always have a lead in on the dies. Make, say,
1/4 inch of the die the true section and chamfer the rest 6ff.

" A test should bé made of all new spars to sce that they

develop the required stress without local buckle.
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